Purpose: A clinical trial was designed to test the hypothesis that a psychological intervention could reduce the risk of cancer recurrence. Newly diagnosed regional breast cancer patients (n = 227) were randomized to the intervention-with-assessment or the assessment-only arm. The intervention had positive psychological, social, immune, and health benefits, and after a median of 11 years the intervention arm was found to have reduced the risk of recurrence (hazard ratio, 0.55; P = 0.034). In follow-up, we hypothesized that the intervention arm might also show longer survival after recurrence. If observed, we then would examine potential biobehavioral mechanisms.
Meta-analyses suggest that stress-related psychosocial factors (1) and lower health-related quality of life (2) are associated with poorer cancer survival, with a 13% increase in the hazard ratio (HR) in studies of breast cancer patients (1) . In 1994 a randomized controlled trial, the Stress and Immunity Breast Cancer Project (SIBCP), was designed to test the hypothesis that newly diagnosed breast cancer patients receiving a psychological intervention would have a reduced risk of recurrence and breast cancer death compared with patients who were only assessed. A conceptual model guided the development of the clinical trial. The Biobehavioral Model of Cancer Stress and Disease Course (3) proposes that psychological stress leads to disruptions in quality of life, health behaviors, and immunity, which in turn contribute to poorer disease outcomes. It was hypothesized that an intervention designed to reduce emotional distress and improve social adjustment, health behaviors, and adherence might also improve immunity and disease course. Analyses showed that positive intervention effects were achieved across the psychological and immune outcomes at 4 months (4) with similar effects and improved health at 12 months (5) . Moreover, recent end point analyses show that after a median follow-up of 11 years, the intervention arm had a reduced risk of breast cancer recurrence (HR, 0.55; P = 0.034) and breast cancer death (HR, 0.44; P = 0.016) compared with the assessment-only arm (6) .
As cancer progresses, the ability of psychological intervention to affect disease course may change. The intervention was hypothesized to reduce the risk of recurrence, and it may have been solely through this reduction in recurrence risk that mortality was affected.
However, if the intervention continued to affect psychological and immune functioning after the recurrence, it is plausible that survival benefits would have also persisted. Therefore, we tested whether intervention patients also showed a reduced risk of breast cancer death after recurrence. Of course, recurrence is devastating, with our previous studies showing patients' stress to be equivalent to that reported at the time of the initial diagnosis (7, 8) . Patients who do not have the benefit of a psychological intervention at recurrence may have depressive symptoms and anxieties (9, 10) , and we anticipated that the assessment-only patients would respond similarly. In fact, we anticipated that all patients would be significantly distressed when learning of their recurrence. If, however, there were residual benefits from having earlier learned strategies for reducing stress and enhancing coping, the intervention arm patients might evidence improved adaptation.
In summary, we first tested for study arm differences in survival following recurrence. We then tested for study arm differences in biobehavioral variables to determine if the intervention arm evidenced more favorable trajectories than the assessment-only arm did in the 12 months following recurrence.
Patients and Methods

Description of the SIBCP trial
Complete descriptions of accrual, sample characteristics, stratification and randomization, power estimates, assessment, intervention, and follow-up procedures have been published (4) . Briefly, patients (n = 227) newly diagnosed with regional breast cancer and awaiting the start of adjuvant therapy after surgery were accrued. The majority had stage II (90%) rather than stage III (10%) disease, were estrogen/progesterone receptor (ER/PR) positive (68%), and were premenopausal (54%). The majority (83%) received their treatment at the Ohio State University National Cancer Institute-designated Comprehensive Cancer Center (OSUCCC). As previously reported (4), the interventionwith-assessment (n = 114) and the assessment-only (n = 113) arms did not differ with regard to sociodemographic characteristics, extent of disease, prognostic factors, or cancer treatments received (P values > 0.23).
The intervention was conducted in groups of 8 to 12 patients with two clinical psychologist leaders. It included relaxation training, positive ways to cope with stress and cancer-related difficulties (e.g., fatigue), methods to maximize social support, and strategies for improving health behaviors (diet, exercise) and adherence to cancer treatments. A total of 26 sessions (39 therapy hours) were delivered over 12 months (4) . A detailed description is available (11) . Patients were reassessed every four months during year one, every six months during years 2 to 5, and annually thereafter.
Patients and procedures for recurrence substudy
As patients recurred, they were approached for accrual ( Fig. 1) . Recurrence was defined as the development of breast cancer in the treated breast or chest wall, or at a distant site. Second primary tumors (e.g., contralateral breast, endometrial) did not meet this criterion. Informed consent was obtained, with study approval from the local institutional review boards and the Department of Health and Human Services assurances.
By October of 2007, 62 patients had recurred. Of them, 17 (27%) were not available for substudy accrual; 4 patients (6%) progressed rapidly and died, and 13 (21%) had previously discontinued SIBCP assessments. Of the remaining 45, 4 (6%) patients declined participation. For the 41 accrued, biobehavioral assessments were conducted a median of 11 weeks after diagnosis (baseline) and 4, 8, and 12 months later. Although biobehavioral data are available only for 41, sociodemographic, recurrence disease and treatments, and survival data are available for all 62 who recurred.
Measures
Psychological distress. Adherence: chemotherapy dose intensity. Dose intensity (DI) for chemotherapy regimens was calculated, as recommended (16) . Six assessment and 13 intervention patients received chemotherapy in the 12 months following recurrence diagnosis, with common agents being capecitabine (n = 5), cisplatin/carboplatin (n = 5), and the taxanes (n = 13).
Translational Relevance
This article describes late translational research examining the long-term benefits of a psychological intervention for newly diagnosed breast cancer patients. Based on a theoretical model, the Biobehavioral Model of Cancer Stress and Disease Course, the intervention sought to reduce stress and distress, improve social support, improve health behaviors (including medical adherence), and ultimately improve disease course. The intervention was delivered using a sessionby-session manual with the intent that the intervention could be easily disseminated. Thus, this psychological intervention could be incorporated into a comprehensive approach to cancer care.
Immune assays. Procedures for blood separation, quantification of T lymphocytes and natural killer (NK) and T-cell subsets, and immune assay procedures have been detailed (4, 5) . Natural killer cell cytotoxicity (NKCC) was expressed as the mean of standardized scores (Z-scores) from six E:T ratios, as previously described (17) . Blastogenesis responses were expressed as the mean of standardized scores from each of the three dilutions of concanavalin A (Con A) and phytohemagglutinin (PHA) as previously described (17) .
Health. A research nurse assessed patients. Items for evaluating symptoms, signs, illnesses, lab values, etc. (symptoms/signs), came from the Southwest Oncology Collaborative Group (1994 version) toxicity measure, as described (5). Karnofsky performance status (KPS; ref. 18) was rated for use as a control variable in the analyses.
Other. Patients in both arms were queried about their receiving any psychotherapy or counseling as previously reported (6) . The same questions were used with the addition of 15 others assessing use of complementary/ alternative therapies (e.g., yoga, energy healing).
Statistical analysis
Survival analysis. Descriptive data are provided (n = 62). The prior SIBCP hazards analyses (n = 227) showed advantages for the intervention arm in risk of recurrence, defined as time from randomization to biopsy/study confirming first recurrence (6) . The current analyses tested the period from biopsy/study confirming first recurrence to breast cancer death. Cox proportional hazards analysis (19) was used to test for study arm differences. Known prognostic factors (20) were examined as covariates. From the initial cancer diagnosis, we used cancer stage, ER/PR status, tumor grade, adjuvant therapy received, and measures with a significant group difference at study baseline (KPS, POMS; ref. 4); and from the recurrence diagnosis, we used disease-free interval (time from randomization to biopsy/study confirming first recurrence), site of recurrence (locoregional versus distant), and type of cancer treatment received after recurrence. Of these possible covariates, if there were variables highly correlated with each other (r > 0.6), only one was considered as a covariate to avoid multicollinearity. For model development, a backward elimination procedure was used as it has been recommended as one of the best methods for identifying important covariates when there are a large number of covariates to be considered with a relatively small number of events (21, 22) . The covariates that predicted the end point with P < 0.1 were retained in the final model. The log linearity assumption for continuous covariates was tested using the procedures recommended by Hosmer, Lemeshow, and May (23) . The proportional hazards assumption was tested using the log minus log test.
Biobehavioral analysis. Preliminary analyses were conducted for the biobehavioral analyses. First, analyses contrasted the biobehavioral study participants (n = 41) and nonparticipants (n = 21). Second, ANOVA or χ 2 , as appropriate, compared participants in the assessment-only (n = 18) and the intervention (n = 23) arms on sociodemographic, prognostic, and treatment variables. For the biobehavioral variables, mixed-effects modeling (24) tested for study arm differences in baseline level and the trajectory of change following recurrence. Control variables were considered. To reduce variability due to cancer treatments, surgery, chemotherapy, and radiation and the treatment by time interactions were controlled in all models when relevant for specific assessments (e.g., surgery at baseline, chemotherapy at four months). In addition, baseline NK cell counts for the NKCC model and baseline total T-cell counts for the Con A and PHA models were included to control for absolute cell numbers in the analysis of functional responses. Nonsignificant control terms (P > 0.1) were removed from each model until a final solution was reached, as recommended (25) .
For these analyses, the study arm and the study arm × time effects were of primary interest. The study arm effect indicates a group difference in intercept, testing whether study arms differed at baseline (recurrence diagnosis). The study arm × time effect tests whether the rate of change differed between arms, with the prediction being more positive adaptation and outcomes for the intervention arm. Bonferroni's adjustment for multiple comparisons was used for the immune outcomes (i.e., reduction in α level to 0.017). Effect sizes, partial correlation coefficients (pr) computed using t values and degrees of freedom (26), are provided. All statistical tests were two-sided. 
Results
Survival analyses
As of October 2007, 62 recurrence cases (29 intervention arm and 33 assessment arm) were confirmed through patient contact or cause of death determination from death certificates. Table 1 provides descriptive information. Patients (n = 62) were primarily middle aged (mean, 54 years; SD, 11), with some college (69%), and married/partnered (66%). Caucasians accounted for 92%, African Americans for 8%. At initial diagnosis, the majority (89%) had stage II disease. At recurrence diagnosis, the median disease-free interval was 30 months (range, 2-144 months) and the majority (73%) had distant rather than locoregional metastases. The majority (90%) were treated at OSUCCC for their recurrence, receiving surgery (29%), chemotherapy (52%), radiation therapy (29%), hormonal therapy (48%), and/or bone marrow transplantation (7%).
Of the 62 who recurred, 44 (71%; 19 intervention arm and 25 assessment arm) patients died, all from breast cancer. Median time to death was 2.8 years (range, 0.9-11.8 years) for the intervention arm and 2.2 years (range, 0.2-12.0 years) for the assessment arm. Multivariate comparison with the Cox proportional hazards analysis showed a significant effect of study arm adjusting for initial functional status, psychological distress, and recurrence site: patients in the intervention arm had a lower risk of death after recurrence (HR, 0.41; 95% confidence interval, 0.20-0.83; P = 0.014; Table 2 and Fig. 2 ).
Biobehavioral analyses
Preliminary analyses. Two comparisons were made. First, analyses contrasted patients who recurred and participated in the follow-up (n = 41) with patients who recurred but did not participate (n = 21). The groups were not significantly different in sociodemographic (education, marital status, income, employment status), prognostic (stage, number of nodes positive, ER/PR status, menopausal status), previous cancer treatments received (surgery type, chemotherapy type and dose, radiation therapy, hormonal therapy), or disease-free interval variables (P values > 0.128). The only difference was age (P = 0.017), with participants being older when diagnosed initially (mean age, 53 years) than the nonparticipants (mean age, 46 years).
The current sample might underestimate the patients' psychological distress as previous research (27) indicated a faster quality of life recovery after recurrence among older patients (age ≥54 years) compared with younger patients.
For the participants (n = 41), analyses contrasted the assessment (n = 18) and the intervention (n = 23) arms. There were no significant differences in sociodemographic, prognostic, and previous/current cancer treatments received variables (P values > 0.059). The only difference between arms was receiving of surgery at recurrence (P = 0.004). The higher rate of surgery in the assessment arm reflects the higher rate of local recurrence, although differences between groups in site of recurrence was not statistically significant. For patients receiving surgery, surgical sites were as follows: for intervention, all three received breast surgery; for assessment, seven received breast, two brain, and one lung surgery. Therefore, receiving of surgery was controlled in the analyses regardless of significance. Lastly, study arms did not differ in their Table 3 presents all mixed-effects model outcomes comparing study arms in biobehavioral trajectories during the 12 months following recurrence diagnosis.
For psychological distress, there was no significant study arm effect (P = 0.430). As predicted, both arms responded to the diagnosis of recurrence with high levels of negative mood (POMS). The time effect was not significant (P = 0.523), indicating no reduction in negative mood from baseline to 12 months for the assessment arm. However, the intervention arm showed a decline in negative mood (i.e., emotional improvement), and the study arm × time effect indicated that the difference between the groups was significant (P = 0.008; Fig. 3A) .
For social support, there was a significant study arm effect, with patients in the intervention arm reporting higher social support (ISEL) at baseline than those in the assessment arm (P = 0.001). The time effect was significant (P = 0.002), with the assessment arm showing a decline (i.e., less social support). The nonsignificant study arm × time effect (P = 0.456) indicates that the baseline group difference -significantly higher levels of social support for the intervention arm -was maintained (Fig. 3B) . Results for the PSS scales using analysis of covariance were consistent. Intervention arm patients perceived significantly more support at recurrence diagnosis from their family (PSS-Fa; P = 0.007). The effect for PSS-Fr was similar, though P = 0.086.
Chemotherapy DI was compared using ANOVA. The groups differed significantly (P = 0.024), with a mean regimen DI of 94% (SD, 9; range, 74-100) for the intervention arm and 81% (SD, 11; range, 63-92) for the assessment arm. The significant group difference and the large effect size (Cohen's d, 1.2) are notable, but they require replication to determine their reliability. Moreover, the relevance of DI to survival following breast cancer recurrence is unclear (28, 29) .
For health, there was no significant study arm or study arm × time effect (P values > 0.614). Both arms showed a significant reduction in symptoms/signs with time (P values < 0.034).
With regard to immunity, there was no significant study arm effect (P = 0.771) for NKCC. The time effect indicated Table 3 . Mixed-effects models comparing the assessment-only (n = 18) versus the intervention arm (n = 23) biobehavioral trajectories in the 12 months following recurrence diagnosis a significant decline in NKCC for the assessment arm (P < 0.001). The study arm × time effect was significant (P = 0.012), with the intervention arm showing a slower rate of change than the assessment arm (Fig. 3C ). For Con A and PHA blastogenesis, none of the effects was significant (P values > 0.090). As immunity was included in the trial as a potential mechanism for improved disease course (3), a follow-up analysis determined if the immune trajectories led to differential levels at 12 months. The same mixedeffects model contrasted the study arms with the intercept coded to be the 12-month assessment. Results showed that the intervention arm had significantly higher NKCC (P = 0.001), Con A blastogenesis (P = 0.021), and PHA blastogenesis (P = 0.007) at 12 months.
Discussion
Hypotheses were tested to illuminate survival effects from the SIBCP trial. The prior Cox proportional hazards analysis had shown that the intervention arm had a 45% reduced risk for breast cancer recurrence (6) . The current analysis shows that following recurrence, the intervention arm had a 59% reduction in the risk of dying of breast cancer. In combination, the data suggest that factors or mechanisms impacting disease progression occurred during both intervals: mechanisms influential from initial diagnosis to recurrence and mechanisms influential from recurrence to breast cancer death.
Collection of biobehavioral data following recurrence was planned shortly after the trial began. A majority of the recurrence patients (66%) were studied, and the availability of repeated assessments increased power and reliability for the analyses. The mixed-effects model analysis uses all available data, which enhances generalizability. Even considering these factors, we cannot be certain, of course, that identical biobehavioral data patterns would be observed with a sample size of 62 when compared with the 41. However, all findings were in the predicted direction, replicating, and in some cases extending, the effects observed at the time of intervention delivery (4, 5) and with larger effect sizes.
For breast cancer patients, recurrence may be particularly stressful because currently available treatments are not curative (30) , posing a significant therapeutic challenge for the oncologist (31) . As in previous studies (7, 27) , all patients reported negative moods immediately following diagnosis. Thereafter, study arms diverged as they had when the intervention was delivered (4, 5) , with emotional distress significantly declining for the intervention arm, yet remaining high for the assessment arm. A plausible hypothesis for this pattern is that after the shock of diagnosis, the intervention arm patients may have drawn upon strategies they had learned for reducing stress and coping positively. For them, a median of 18 months had passed from the conclusion of intervention to recurrence diagnosis. Importantly, ancillary data show that the decline in distress for the intervention arm was not due to differential receiving of other counseling or complementary therapies.
Intervention arm patients also seem to have been more successful at securing and maintaining social support. Significant gains in perceived social support had been found for the intervention arm during intervention delivery Fig. 3 . A, significant study arm by time interaction showing a significantly greater improvement (reduction) in negative mood for the intervention patients following the baseline distress of recurrence diagnosis. B, significant study arm effect with the intervention arm reporting higher social support at baseline than the assessment arm (P = 0.001). The time effect indicates a significant decline in social support for the assessment arm (P = 0.002). C, significant study arm by time interaction showing greater NKCC for the intervention arm 12 months after recurrence diagnosis. NKCC was expressed as the mean of standardized scores from six E:T ratios.
(4). This may have led to stable changes in their most important relationships, or at a minimum, changes helpful during times of stress. Upon recurrence, the social support advantage for the intervention patients never diminished, and the lower support level reported by the assessment patients never improved (and actually declined).
Regarding the immunity findings, our previous studies had shown that as patients entered the trial, stress covaried with lower levels of NKCC and T-cell blastogenesis (32) . During the intervention, T-cell blastogenesis was significantly higher for the intervention arm (4, 5) . It remains to be seen whether immunity as measured here is critical to survival of breast cancer patients. High levels of NKCC covary with a better prognosis and overall survival in many different cancers (33) (34) (35) . Impaired NKCC has been found to correlate with stage of disease (36) , and NK cell infiltration into primary tumors is associated with less lymphatic invasion, fewer metastases, and better survival (37) .
The relationship between the psychological intervention effects and breast cancer survival will require further study. In the general case, however, clinical studies suggest that tumor cells remain dormant for varied periods of time following surgery and adjuvant chemotherapy, some of which are long (38) . The prevailing theory suggests that tumor cells may be quiescent and/or at equilibrium with the patient's immune system. In support of this concept are studies showing that the maintenance of immune surveillance is important for long-term suppression of cancer cell growth. In these models, the immune system is able to control tumor growth, although it is unable to eliminate all of the tumor cells (39, 40) . Theoretically, a cancer recurrence might occur and become clinically detectable when tumor cells overcome the multiple immune mechanisms (CD8+ T cells, NK cell surveillance, antibodies) that can inhibit tumor growth. Once tumor cells escape immune surveillance, immune effector cell function may be further impaired due to tumor-derived factors. For example, NK cell maturation in the bone marrow and NK cell recruitment to the tumor site are inhibited as tumor burden increases (41, 42) . The latter is consistent with Pierson and Miller's (43) comparison of cancer patient and healthy donor samples, which suggested both NK cell number and NKCC are distinctly and negatively affected by the malignant environment.
In summary, intent-to-treat analyses show improved survival for SIBCP intervention arm patients following recurrence. Other recent trials have reported null survival effects when providing an intervention to patients recently diagnosed with metastatic breast cancer (44) (45) (46) . These trials and a similar one (47) all used a therapy (supportive expressive; ref. 48 ) that differs from that of the SIBCP (11). Reviews of the literature (49, 50) show that psychological interventions are typically delivered at the time of initial diagnosis, and it has not been considered that patients might derive benefits from them much later or at the time of recurrence. The findings suggest that if psychological interventions are offered early, they may provide enduring, late benefits and possibly longer survival.
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